The enumeration of world crude-oil reserves and resources is a difficult undertaking. One must rely on data gathered by others and, through various spot-check and cross-check mechanisms, distinguish the reasonable from the unreasonable. Estimating techniques vary; standards of measurement vary; classification of the reported elements differ; and, in some cases, even the recognition of what is being reported is obfuscated by language and nomenclatural ambiguities. Therefore, to improve world petroleum resource understanding, it is prudent to describe the methodologies and measurement standards explicitly, to disaggregate the data as much as possible to gain insight into the source of the differences, and to standardize the classification and nomenclature scheme to establish unambiguous communication.
The purpose of this report is to give an estimate of world crude-oil resources, their distribution, and their API gravity. The resource classification diagram of the U.S. Geological Survey (USGS) and the U.S. Bureau of Mines (U.S. Geological Survey Circ. 831, 1980) allows for the reporting of both reserves and resources with the degree of geologic certainty of the data expressed on the horizontal axis and the degree of economic potential expressed on the vertical axis. Utilizing this classification format, figure 1 shows the estimate for world Resources of conventional crude oil. By conventional oil, we mean the oil greater than 10° API gravity (excluding natural gas liquids) which is broadly considered to be economically recoverable by conventional primary, water-flood, and pressure-maintenance techniques; the extra-heavy oil (less than 10° API and greater than 10,000 centipoise) of the Orinoco Petroleum Belt of Venezuela and the bitumen of the Athabasca tar sands of Canada, for examples, are not included with conventional crude oil but are listed separately. The resources of crude oil are classified as being Identified or Undiscovered.
The left-half of figure 1 shows Identified (or "Discovered") Resources. Economically recoverable Identified Resources are called Reserves and classified in three subdivisions: Measured Reserves (or Proved, of the U.S. Energy Information Administration (EIA) (DOE/EIA-0216(81), 1982) are defined as the expected recovery, by conventional techniques, considering the full extent of each recognized reservoir; Indicated Reserves (or Indicated Additional as defined by American Petroleum Institute (API, 1980) ) are defined as the additional amount of oil that could be recovered given installation of conventional water-flood facilities; and Inferred Reserves are defined as the amount of oil derived from the expected growth in the reported size of fields, given the addition of new pools or reservoir extensions not envisioned in the Measured Reserve calculation. The combination of the Measured and Indicated Reserve is a Demonstrated Reserve. Industry custom prior to 1970 was to report Measured (or Proved) Reserves in the restricted sense of only what had actually received sufficient development drilling to permit reliable flow testing. Since then, however, it has become customary to report an estimate of the maximum expectable conventional recovery from the recognized reservoirs, whether or not they have been completely developed by drilling and whether or not they have been completely fitted for optimum water-flood (Meyer and others, in press) suggests that the activity is still in the pilot-plant stage, so any estimates of potential reserves are premature,
The right side of the classification diagram ( fig. 1) shows subdivisions of the Undiscovered Resources based on the same principles as those considered in classifying Identified Resources. The estimate of the economically recoverable Undiscovered Resources is based, broadly, on existing price-cost relationships, and their quantity may be expressed graphically through a full range of probabilities; commonly we report two points on the range encompassing a 90 percent probability of occurrence, as well as the mode or most likely occurrence.
Other Occurrences of oil, which are defined as including both extra-heavy oil and tar sand (bitumen), are referred to at the bottom of figure 1. These resources are set apart from conventional oil at least in part because of their vastly different, technically achievable reserve-to-annual production ratios (R/P). The estimate for Other Occurrences of oil is discussed in a later section.
METHODOLOGY FOR ASSESSMENT OF CRUDE-OIL RESERVES AND THEIR API GRAVITIES
Reserves were estimated by field and aggregated by country and by region ( Dietzman and others, 1981 .) The weighted-average recovery factor from these studies is 34 percent; this recovery factor includes only the conventional (primary plus water-flood and pressure-maintenance) oil recovery. Approximately 20 percent of the world's known oil is in countries for which adequate field data were not available. In those countries reserves are estimated from available production data and from published national estimates. It is possible that the published estimates of national reserves correspond to a definition of reserves more strict than that used here. We have not compensated for this by adding an extra quantity of oil to these countries but remain mindful of its possible existence. Table I also shows the distribution of crude oil by API gravity. Data are derived from Meyer (in press), from Petroconsultants S.A., and from personal communication with many interested persons. The aggregate data base is almost complete for most countries, and at the regional level, the data are entirely credible. As shown in figure 2 and table I, 89 percent of conventional world oil is lighter than 25° API gravity: 57 percent lies between 25° and 35° API, and 32 percent is lighter than 35° API. Actually, we have no basis for the specific subdivisions shown; needed is a technical rationale for classification the data apparently are available. 
METHODOLOGY FOR ASSESSMENT OF UNDISCOVERED RESOURCES OF CRUDE OIL
Undiscovered economically recoverable resources of crude oil (table I) were assessed for this study by utilizing the techniques employed by the USGS for domestic petroleum assessment (Dolton and others, 1981) . In general, the intent is to estimate economically recoverable resources, but in the case of very deep water and of Arctic/Antarctic ice conditions, we have assumed eventual economic recovery for large-field occurrence, even though technical capability may not yet be demonstrated.
The assessment technique requires study of a given area, paying particular attention to the geologic factors controlling the occurrence, quality, and quantity of the petroleum resource. Standardization of critical elements of the investigations is achieved by the preparation of data forms for each basin that call for specific volumetric, areal, and rock-quality measurements, as well as the determination of basin analogues for comparison. In addition, finding-rate histories and projections are constructed whenever possible. The absence in some areas of reliable dry-hole data is a problem that unquestionably weakens the assessment process and may result in a high-side bias to the assessment. From these data and analyses, a set of resource numbers is calculated by making volumetric comparisons with different analogue basins, by projecting discovery and production curves, and/or by play analysis.
The assessment process itself is subjective; the results of the geological investigation and of the resource calculations are presented to a team of USGS assessment specialists (in this case, a team of 10 to 12 scientists, each on average having about 20 years of petroleum studies experience), each of whom makes his personal estimates conditional upon economically recoverable resources being present. Initial assessments are made for each of the assessed provinces as follows:
(a) A low-resource estimate corresponding to a 95 percent probability of more than that amount (b) A high-resource estimate corresponding to a 5 percent probability of more than that amount (c) A modal (most likely) estimate of the quantity of the resource associated with the greatest likelihood of occurrence
The individual estimates are then posted and averaged and the results debated from the perspectives of the personal experiences of the individual assessors. A second and third iteration of the procedure may follow depending on consensus. If no commercial oil has yet been discovered in the basin, a marginal probability is subjectively assessed to record the probability of any commercial oil being present. The results of the final estimates are averaged, and the numbers are computer-processed using probabilistic methodology (Crovelli, 1983) to show graphically the range of the economically recoverable resource values.
Approximately 90 percent of the world's undiscovered resources of crude oil were assessed in this way over a period of about 3 years utilizing approximately 18 man-years. (For an example of one of several publications, see Masters and others, 1982 .) Many small basins, or those considered after preliminary examination to have limited petroleum potential, were assessed on the basis of exploration or production projections or by cursory volumetric and analogue determinations. In our judgment, no area having significant crude-oil potential remains unassessed at this stage of data development and availability.
ANALYSIS OF ESTIMATES OF RESERVES OF CONVENTIONAL CRUDE OIL AND THEIR DISCOVERY RATES
Because reserves by definition are economic and because economics varies with the perspective of the operator, unavoidable inconsistencies exist in reserves reporting. Some world reserves estimates, however, appear to be clearly too low and others arguably too high. That the series of numbers reported, for example, in the API Basic Petroleum Data Book (API, 1981) is likely too low is evidenced by the following analysis: 1) The amounts of oil discovered over the past 10 years, as reported for this study ( fig. 3 ) or by Exxon (1982) , are considerably less than the amounts of oil produced over the same period. We show the differential to be about 80 BBO over the 10-year period, whereas Exxon shows it to be about 60 BBO. Whichever data set proves to be most nearly correct, there would seem to have been a deficit for the 10-year period of about 70 BBO. 2) During this same period, the reserves reported in the API Basic Petroleum Data Book did not decline but rather increased by about 41 BBO. 3) Reserves, therefore, must have been larger than stated or they grew, through additions from the Inferred Reserves, by at least 111 BBO. The conundrum is how much longer we will be able to reevaluate upwards because of improved recovery practices or because of new pools and unpredicted field extensions (Inferred Reserves) enlarging the Demonstrated Reserve. On a smaller scale, in the United States during the last 10 years, production exceeded discoveries by more than 22 BBO, yet reported reserves declined by only about 12 BBO. A possible explanation for this lies in the USGS estimate of 23 BBO of Inferred Reserves (Dolton and others, 1981) . The United States clearly is the most extensively explored and developed region in the world, yet the data show the need for revisions of the reserves reporting, year-by-year, on the order of 1 BBO, or one-third of our annual production. It is important for us to learn where that oil is coming from because some day that cushion is going to be exhausted; it is equally important, for the same reasons, that we establish, on the world scale, a known relationship between discovery, production, and reserves.
Contrariwise, some reserve numbers appear to us, definitionally, to be too high, because the authors assumed 40 percent average conventional recovery (Halbouty and Moody, 1979) . When account is taken of the higher assumed recovery factors, however, the estimates of these particular authors are approximately consistent overall with those in table I. 
YEARS
Four years ago, Halbouty and Moody (1979) reported a modest decline in reserves over the previous decade; we concur with their findings and with the continuation of that trend (fig. 4) . We also concur with their findings, and those of Exxon (1982) , of a declining discovery rate now extending over 2 decades. Our data, however, show an even sharper decline (fig. 3) ; we are conscious of the possibility that additions from Inferred Reserves might enlarge the reserves estimates of the discoveries of the past 5 or 10 years but would suggest that, for reasons described above, those additions may be modest.
The elements of accurate reserves reporting appear to be within our grasp. In a few countries, understanding of definitions and availability of public data for independent analysis are still lacking, but overall we are confident that these estimates are proportionally and geographically satisfactory. Specifically unaccounted for is an unassessed quantity of Indicated Reserves, as described above, along with some Inferred Reserves in the form of new pools and unpredicted extensions of known reservoirs; we believe the quantities unaccounted for can be no more than a few percent of the total and likely could be assessed statistically, given greater certainty in production and discovery data.
ANALYSIS OF THE UNDISCOVERED RESOURCES OF CONVENTIONALLY RECOVERABLE CRUDE OIL
Our assessment of the world potential for Undiscovered Resources of conventionally recoverable crude oil indicates a 90 percent probability that the value lies between 321 and 1,417 BBO, with a most likely (modal) value being 550 BBO (table I). Our assessment (95 percent to 5 percent probability range) falls inside the range (90 percent to 10 percent probability range) assessed by Halbouty and Moody (1979) for the Tenth World Petroleum Congress of 280 to 2,415 BBO, and our modal value is significantly less than their expected value of 987 BBO. Whereas comparison of the estimates by region (fig. 5 of this paper and table 4 of Halbouty and Moody, 1979) discloses remarkable similarities in the modal assessments of the United States and of the Middle East, the other world subdivisions show considerable differences. Because the areas corresponding to the assessments are not the same, however, it is not possible to be precise about where all the differences lie. Nehring (1982) has recently published a disaggregated reserve and resource analysis with which we find we are in substantial agreement, both with respect to total numbers and to regional distribution of crude oil. Because of reporting differences, however, a dialogue is nonetheless required to ascertain the conceptual differences between oil additions deriving from discovery as opposed to oil additions deriving from increased recovery.
A further difference between the assessment provided to the Tenth World Petroleum Congress and this assessment lies in the high-side values which differ by a factor of almost two. Our view at this point is that world data are fully adequate to support a relatively narrower range of resource estimates. To achieve the higher of the two assessments, a discovery of the dimensions of another Middle East province clearly must be considered, and our studies indicate no possibility for such an occurrence.
The low-side assessments, on the other hand, remain essentially identical. They, of course, reflect the potential of relatively well known provinces, and the assessment process has, in this case, the advantage of more complete information.
For our modal assessment of 550 BBO of Undiscovered Resources to be sustained, a massive amount of exploration is still required. We have not completed the studies of trends of finding-rate efficiencies, but our general perception is that numbers of exploratory wells are increasing yet discoveries are declining; hence exploration efficiency is also declining. Needed to reverse that decline is the discovery of new major provinces (ultimate resources in excess of 20 BBO or 1-year's production for the world), or significant discovery increases in the giant Middle East province or in others of the identified petroleum-favorable regions of the world. Our analysis suggests the likelihood that most of the new oil will come from the established provinces, but the unknown of the Arctic, deep water, and other frontier areas always must remain a consideration.
In attempting to address the issue of contributions of frontier basins to new oil discovery, we tried to analyze the often repeated notion that there are a certain significant number of still untested basins. We have not yet completed the work to permit a comprehensive statement, but we can note that most of these basins are untested for good geologic or economic reasons. In particular, we examined the Arctic region for clues to the prediction of undiscovered major provinces. The region is so big that it is awkward to downgrade almost any part for lack of favorable oil characteristics. However, we do not think that the evidence is encouraging, for example, for any significant extension under the Barents Sea of the highly favorable Devonian source rock of the Volga Urals basin or the mature Jurassic source rock of the North Sea basin; in all other areas of the Arctic, likewise, there does not appear to be that combination of geologic factors necessary for truly large oil occurrence. On the basis of area and volume alone, a significant amount of oil must be assessed for the Arctic, but we see little possibility there for the discovery of a major province. In addition, the Arctic poses logistic and environmental problems that necessarily will deter commercial development.
The deep-water areas remain poorly known. Although an attempt was made to extend geologic understanding of coastal regions out to a water depth of 2,500 m, we must acknowledge inconsistency in this effort. Certainly, data become sparse in deep-water regions, but in most areas we also judge that the merit of the petroleum geology declines as well.
Our still limited understanding of China reflects, in part, only the time constraints for preparation of this paper. There is much published literature to be digested and vast minimally drilled areas to be tested. Nonetheless, it has been possible to develop a broad, general understanding of China's petroleum geology sufficient to render a credible assessment (table I) . Published regional analyses are excellent, and sufficient quantitative data are available to begin to get an idea of their reserves, the dimension of their basins, and various other specific petroleum geology parameters. The most critical data still missing are drilling results to permit explorationmaturity analysis.
OTHER OCCURRENCES OF OIL RESOURCES -EXTRA-HEAVY CRUDE OIL AND BITUMEN
Though large quantities of extra-heavy crude oil and bitumen are known in various parts of the world (Meyer and others, in press ), these commodities are not at present serious economic contenders in the market. We suggest, therefore, that the issue is not how much is in the ground but rather how much can be produced. Considering that production facilities have a finite service life, we define reserves as the amount of oil that can be produced over a 25-year period given installed production facilities; the otherwise recoverable resources are classified as Marginal Reserves; the remainder of the in-place resources, considering approximately a 10-percent recovery factor, is shown as Subeconomic Resources (fig. 6 ). Though considerable quantities of bitumen are available in different parts of the world, only in Canada, from the Athabasca tar sands, is a major extraction effort underway now producing approximately 60 million barrels/yr. The overwhelmingly dominant resource of extra-heavy oil is in the Orinoco heavy-oil belt of Venezuela; on a pilot-plant basis, some 3 million barrels are being produced. Elsewhere in the world, annual production of 3 million barrels is also being achieved in Italy and 1 million barrels/yr is being produced in both the United States and in Mexico, for a total extra-heavy-oil production of 8 million barrels/yr. Extra-heavy oil and bitumen cannot contend economically with conventional crude oil, but their presence in large quantities in various parts of the world assures mankind of the essentially limitless availability of naturally occurring oil. There is an immense quantity of conventional crude oil in the world; our capacity for consumption, however, is perfectly capable of challenging that immensity. Though there is much yet to be discovered and produced, there is no room for complacency. The slack is coming out of reserves estimates, and to the extent that discoveries remain less than production, world Demonstrated Reserves, as defined herein, will continue to decline. Even if EOR and the production of extra-heavy oil and bitumen become ubiquitous reality, they are unlikely to achieve rates of production even close to matching those of primary and secondary recovery in the past; the resulting patterns of consumption of crude oil in the decades ahead, then, will be quite different.
The distribution of crude oil remains restricted, and there is little chance that that condition will change ( fig. 5) . The Middle East region dominates known world petroleum occurrence, and we judge it still to be the richest hunting ground. Even though most of the world's oil will continue to be supplied from traditional areas, exciting discoveries of great local significance will be made in many other areas of the world. However, one should not anticipate riches from so-called untested areas just because exploration activity has not been obvious.
A further concern about estimates of world petroleum availability is the present limited discovery rate relative to production. Without evaluating in detail the geology of all exploration activity, the general level of exploration, as measured by numbers of wells, has increased over time, yet annual discoveries are declining, suggesting the possible reality of low-side assessments. If the low side be reality, the need for alternate energy sources becomes increasingly critical for most of the world's countries.
